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1 . I n tr o d u c tio n
T h i s sho r t re p o r t o u t li ne s b r ie fly the s u b je c t o f sa l in e
in tr u sio n in co a s t a l g ro u n dw a t er aq u i fe r s . I t the n go e s o n to
d i s c u s s th e in v e s t ig a t iv e w o r k u nd e r tak e n by m em be r s o f t he
In s t i tu te o f - Hy d ro lo gy (W a l l in g fo rd ) an d Im p e r ia l Co l le g e
(L o n d o n ) in to t he be h av io ur o f fr e sh an d s alin e w a te rs o n a
s e c t io n o f be a c h a t S tu d la nd B ay o n the Isle o f P ur b e c k . In
P a r t ic u la r , ho w o v e r th e la s t y e ar , re su l t s ob ta ine d from the
f ie l d s i te ha ve re v e a le d th a t the hy d ro lo gi c a l pro ce s se s in the
be a c h ar e a ar e d i ffe re n t to th o se o r ig i na l ly th o ug h t to be
o c c u r r in g an d in i tia l ly in d i c a ted by th e e a r ly stu d ie s . F in a l ly
th e re po r t th e n p r e s e n ts the pr op o s a l s fo r the ne x t ph a se o f
f ie ld w o r k ex pe r im e n t s to be co nd uc te d d u rin g the pe r io d
J a n u ar y - A pr i l 19 87 .
2 . T h e c l a ss ic a l sa l in e in tr u s io n p ro b lem
F i g u r e 1 s how s th e 'c la ss i ca l ' s a l ine in tr u s io n pr o b lem . Fr e s h
g r o u n dw a te r in a co a s ta l a q u i fe r is d r a in in g in to the se a f rom
a n in lan d so ur ce (e g r ai n fa l l o r r iv e r r e ch a r ge ). A t the sh o re
th e g ro un dw a te r th e n co m e s in to co n tac t w ith a b o dy a w a te r
a bo u t 2% m o re d en se by v ir t ue o f t he h ig h co n c en tr a tio n o f
sa l i n e io n s d i sso lv e d in i t . T he re s ul t o f th i s d en s i ty
d i f fe re n c e is th a t  t h e  se a w a te r se e k s to in trud e in la nd by
u n d e r c u t ting th e fr e s h w a te r . T he lim it to w h ic h th i s bo dy o f
s a l in e w a ter c a n pr o g r e s s to is g ov e r n ed by tw o fa c to r s ; t he
f ir s t is the de n s i ty d i f fe r e n c e b e tw ee n th e tw o ty p e s o f w a te r
(t h e la rg e r th e d i f f e r e n ce th e fu r th e r in l a nd t h e sa l t w a te r
e n c h ro a che s ), the se co nd i s m a g n i tude o f th e o u t flow f t he
fr e s h w a te r fr om th e a q u i fe r (the h ig h e r th e o u t f low th e  le s s
th e am o un t o f s a l in e i n tr u s io n ) . In t he s i t ua tio n d e s cr ib e d
a b o v e the tw o d i ff e re n t w a te r ty pe s a r e as s um e d to be
im m is c ib le and un de r th e s e c ir cum s ta n ce s t h e b o dy o f sa l i ne
w a te r in th e a qu i fe r  i s  s ta tic a nd th e po s t io n o f t he
sa l in e/ fre sh w a te r in te r fa c e is g iv e n  b y  th e fo l low i ng
eq u a t io n :
3 . T h e pr o b lem o f d is p e r s io n
z    p f  h
P s - p f
w he re : z is  the de p th o f th e i n te r fa ce be low  se a  lev e l
h i s th e he i g h t o f th e w a te r ta b le a b o v e  se a  le v e l
P f is th e d e n s ity o f the fre sh w a te r
p s is the d e n s ity o f the sa lt w a te r
In th e c a se g ive n a bo v e th e a ss um p t io n  w a s  m a d e th a t th e sa l in e
a n d  f r e s h w a te r s w e re im m i s c i ble . Th is  i s no t true , h ow ev er , in
re a l s i tua tio n s . In s te a d o f a s h ar p bo un d a ry b e tw ee n the fre sh
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a nd s a l t w a te r s th e r e ex is t s a tr a n s i tio n zo n e o f bra ck i s h
w a te r . T h i s zo ne is fo rm e d by t he m ix in g pr o c e sse s w h i ch ta k e
P la ce a lo ng t h e i n te r face a n d i s c a l le d ei th e r a zo ne o f
d i f fu s io n or a d i spe r s io n zo ne (f ig u re 2 ) . I t s ex i s te n ce h a s a
n um be r o f im p o r ta n t c o n se qu e n ce s . T h e f ir st i s tha t the re is a
se aw a rd flow ta k in g p la ce thr o ug h the tr an s i tion zo n e rem o v i n g
sa li n e io n s from i t . H e n ce i f the po s tion o f the i n te r fa ce i s
to rem a in co n s ta n t t he r e m us t be a su p p ly o f new s a l ine io n s
in to the tr a n s i tio n zo ne to re p la ce th o se los t . T h is im p l ie s
th a t th e re e x i s t s w i th in the bo dy o f sa l i n e w a te r a s l ow •
c i r cu la t io n b r in g i ng sa l t io n s in to t he i n ter fa c e r eg i o n . A
se co nd co n se q u e n ce o f th e m ix in g pr o ce ss is t h a t e f fe c ts o f th e
sa l t w a te r e x te nd fu r th e r in l an d th a n in th e pre v io u s ex am p le .
T h i s h a s im p o r ta n t r am i f i ca t io n s o n th e p o ten t ia l u se o f t he
w a te r s in ce a c h l o r id e con ce n tr a t io n o f 1 0 0 m g/ 1 im p ar t s a
sa l ty ta s t e a nd the re comm en de d l im i t fo r d r i nking w a te r is 2 50
m g/ 1 w he re a s th e ty p ic a l ch lo r id e co nce n tra t i o n fo r se a w a te r
ls 19 .0 00 m g/ 1 . T he re fo re w h e n se e k in g t o m an a ge a co a s ta l
aq u i fe r p ro pe r ly i t i s im po r tan t to tak e into a c co un t th e
sa lin i ty d is tr ib u t io n .
T he p r o b lem o f a q u i fe r m a n a gem e n t i nv o lv e s t h e u se o f
m a them a t ic a l re pr e se n ta t io n s o f t he m a in phY si ca l p ro c e s se s
o c cur r in g w i th in t he a qu i fe r an d ar e k n o w n a s g r o u ndw a t e r
m o d e l s . T he se r e p re se n ta t io n s ta ke the fo rm o f eq u a tio n s w h i c h
a r e the n u su a l ly so lv ed u s in g  di  com pu te r . T he m a in d i f fi cu l ty
is th a t o fte n t he r e pr e se n ta t io n s u se d in the se m o d e ls a r e
i n a de q u a te d u e to o u r la ck o f know le dg e of the phy s i c a l
p ro ce s se s . A n o ta b le ex am p le o f w h i ch i s the p ro b le m o f
d is pe r si o n a lo n g a sa l ine i n te r f a ce . As the In s t i tu t e o f
Hy d ro lo gy h a d d u r i n g the la te se ve n ties a nd e a r ly e ig h t ie s
d e v e lo pe d a n i n te re s t in th e p r o b lem o f d is p e r sion in co a s t a l
a q u i fe r s a nd be c a u se o f the d i f f icu l tie s inv o lv e d it w a s
d e c id ed th a t i t sh o u ld co nd u c t i ts ow n ex p e rim e n ta l re se a r ch
w o r k in to th i s a re a .
4 . S tu d la nd B ay f ie l dw o rk
T h e p r ev io u s se c t io n d e sc r ibe d th e re a so n w hy the In s t itu te o f
Hy d ro lo gy w a s in te r e ste d in s t udy in g the p ro b l em o r d i spe r s io n .
T h e m a in d raw b a c k h ow ev e r w a s t h a t in ge n e r a l , sa li n e in tr u s io n
P r o b lem s o c c u r o n la rg e sp a t ia l s c a le s (e g te ns o f k i lom e te r s )
a nd t h e re su l t i s th a t inv e s t ig a t io n s m ade o n th se s c a le s a re
e x tr em e ly e x pe n s iv e . In ad d i t io n they a ls o su ffe r from t he
fa c t th a t a c c u r a t e a q u i fe r m e a su re m e n ts o f g ro und w a te r
s a l i n it ie s a re d i f fi c u l t to o b ta i n . In s te ad th e In s t i tu te
d e c id e d th a t a n a lte r n a tiv e a p p r o a ch w o u l d be to inv e s t ig a te
th e p ro b lem o n a m u c h sm a l le r s c a le (ie m e t e r s ). O n e se t o f
c o n d i t io n s w h i c h s at i s f ie s t h is r e qu ir em e n t are t o be fo u nd o n
a sh a llow b e a c h e n v ir o nm e n t . A n um be r o f bea ch s i t e s w e r e
co n s id er e d a s can d id a te s fo r the e x pe r im e n t a l w o r k an d f in a l ly
S tud la nd B ay w a s c h o se n as th e o ne w h ic h seem e d to be m o s t
s u i te d fo r th e p ur po se .
4 .1 S a l in i ty m ea s ur em e n t s
I t w a s m en tio n ed a bo v e th a t the r e are d i ff icu l t ie s w he n se e k in g
to o b ta in v a lu e s o f gro u ndw a te r sa l in i ty c o n te n ts . T he u su a l
m e th o d s th e inv o lv e th e u s e o f e i the r bo re h o le lo g s o r sur fa c e
r e s i s t iv i ty suv ey s . Bo th o f the se m e tho d s h o w ev e r h av e se r io u s
d r aw b a ck s . T he pr o b l em w it h dr il lin g a bo r e h o le is th a t i t
r e p r e s e n t s a m a jo r d i s tu rb a n ce to the a q u i f e r and c a n the r fo r e
le a d to u n re p re se n ta tiv e r e su l ts e spe c ia lly i n u n c o n so l id a t ed
m a te r ia l . W h i ls t s u r fa ce re s is ti v i ty su rv ey s a r e un a b le to
P r o v id e a. d e ta i led r e so l u t io n o f the su b s ur fa c e fe a tu r e s .
In s te ad • new te c hn iq ue fo r s tudy in g g r o u ndw a te r s a l i n i t ie s in
u n co n s o l id a ted co nd i t io n s w a s de v e lo ped by t h e In s t i tu te . T h is
inv o lv e d the u se o f an e le c tr ic a l p ro be w h i c h cou l d be d r i l le d
d ow n in to the aq u i fe r fo rm a t io n . T he p r o be ,  show n  in f ig ur e 3 ,
co n s i s t s o f 4 r in g e le c tro d e s m o un te d on a pl a s t ic s he a th
co v e r in g a stee l ro d w ith a d r iv e po in t a t the e nd . T he
o u te rm o s t e le c tr od e s p a s s an e le c tr ica l cur r e n t (I ) th ro ug h t h e
fo rm a t io n , the po te n t ia l d i ffe re n ce (V ) i s th e n m e a su r e d
be tw e e n th e in ne r tw o  e le c tr o d e s . Th e s e p r o v ide a r e s is tan c e
v a lu e (V/ I ) an d h e n ce e n a b le the re s i st iv i ty o f th e aq u i f e r
m a te r ia l imm e d ia te ly s u r ro un d in g th e p ro be to be c a l c u la te d .
I t i s th en po s s ib le to r e l at e th i s lo c a l m e a s u rem e n t o f
r e s i s t iv ity to gr o u ndw a te r c on d u c tan c e s a n d sa lin i t ie s . T h i s
m e th o d h a s a num be r o f a t tr a c t iv e fe atu r es . They a r e th a t t h e
d r i l l in g o f the p ro be c au se s m in im a l d i s t ur ba n ce to t h e
o r ig in a l form a t io n , a co n t in u o u s pr o f i le o f s alin i t ie s ca n be
m ad e d u r in g d r i l lin g a n d the p ro be can b e le f t in t he gr o u nd i n
o rd e r to e n a ble lo ca l is ed tim e - va ry ing re ad i n g s to  be o b ta in e d .
4 .2 In i t ia l f ie ld re su l ts
T h e in i t ia l in ve s t ig a t io n s u n d e r ta ke n by th e Ins t i t u te in 19 8 2
u s i n g a s ur fa ce r e s i s t iv i ty m e a sur in g te c h n iqu e se em ed t o
in d i c a te th a t th e re  w as  sa l ine/ fr e shw a te r in te r fa ce a t a de p th
v a ry in g be tw ee n 2m a t the m e an h ig h t id e m a r k to 8m a t a
d is ta n ce o f 10 0m in l an d . T h e f o l low ing y e ar a m a jo r s i te
inv e s t ig a tio n a t t he lo c a t io n s how n in fig u r e 4 w a s co nd uc te d
in o r d e r to te st the n ew ly d e v e lo pe d r e s is t iv ity p r o b e . T he
Pr o b e w a s u se d to b u i ld U p a 2 -d im e n s io n al P i c tu re o f th e
g r o u ndw a te r co n d u c tiv i t ie s be low a se ct io n o f be ac h (fig u re 5 ).
T he  r e s ul ts sho w e d th e r e  to b e a lay e r o f s a l in e w a te r 4 - 5m
b e low the b e a c h s ur f a ce a lo ng w i th a tr a n sit io n z one to
fre s hw a te r o v e r a d e p th o f a bo u t lm . On e in te r e s ti n g fe a tu re o f
t he se re s u lts w e r e th a t t h e l ine s o f e qu a l cond u c ta n c e seem e d
to b e q u i te sh a l low - a m a rk e d c o n tr as t to th e  st e e p  g r ad ie n t s
P r o d u c e d in th e 'c la s s ic a l ' p ic tu r e o f sa l in e in tr u s io n . In
ad d i t io n m e a s u rem en t s th e po s i tio n o f th e w a te r t a b le in t h e
be a c h are a w e r e m a d e , w a te r q u a l ity s am p le s ta ke n a nd t h e
l i tho lo gY o f the be a c h e nv ir o nm e n t inv e s tig a te d . T h e re su l t s
o b t a i n ed from th i s pe r iod o f f ie ld w o r k show e d th a t th e re
e x is te d a n um b e r o f in te r e s t in g fe a tur e s in th e a r e a w h i ch w e r e
t ho u g h t to re q u ir e fu r t he r s tu dy be fo re the f i e ld d a t a c ou ld be
u se d  a s a  b a s is fo r te s tin g a nd v a l id a t i ng com p ute r m o d e l s .
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4 .3 198 5/ 6 S tu d l an d f ie ld w o r k
O n ce the d e c i s io n h ad bee n ta ke n to c o n ti n ue w i th th e fi e ld
w o r k a t S tu d la n d it  w a s  d e c id e d th a t th e pr o jec t sho u ld b e co m e
a jo i n t o ne be tw e e n the In s ti tu te a n d Im pe r ial Co l le ge . T he
r e se a r ch w o r k fo rm i n g th e bas i s fo r a P h D stu d ents h i p .
T h e n ex t pe r io d o f f ie ld w o rk w a s th en under t a ke n be tw e e n
N o v em be r 1 9 8 5 to  M ay 1986 . D u r in g t h i s tim e a de t a i le d s tu dy o f
the b e ha v io u r o f th e g ro un dw a te r a t the sam e s i te u nd e r th e
be a c h w a s m ad e . T he s t udy inv o lv e d t he use o f a bo u t 20
r e s i s t iv i ty p r o be s . 1 6 o f w h ic h w e r e le ft in s ta lled i n t he
b e a c h d u r in g t he s tudy pe r io d . In a dd i t ion a n um be r o f
p ie zom e te r s , a t id a l r e co r d e r a n d a r a ingau g e w e r e /also
em p loy ed o n th e s i te . Th e po s i t io n s o f the se i tem s o f e q u ipm e n t
a r e s how n in f ig ur e s 6a .b .c . A l l th e se in s trum e n t s w e re t h e n
c o n n e c te d to au tom a t ic lo g g e r s re co rd in g a t 10 m in u te
in te rv a l s . T h e re su lts o b t a in e d from th is in v e s t ig a t io n
r e v e a le d a num b e r o f in te r e s t i n g fe a tu r e s .
1 . T he r e s is tiv i ty pro f i le s o b t a ine d d u r in g
in s ta l la t io n a lo ng w i th th e lo n g p e r iod m e asu rm e n t s a t
s pe c i f i c lo ca t io n s i nd i c a te d th a t in ge n e r a l th e
sa l in e/ fre shw a te r in te r fac e w a s e x tr em e ly sta b le . A ls o
co re s am p le s ex tr a c ted from th e be a ch a t v a r io u s
lo ca t io n s s how e d th a t the b a se o f t he aq u i fe r co n s i s te d
o f a n o r g an i c c lay lay e r a bo u t 6m b e low t h e b e ac h
su r f a ce w h i ch m e an t th a t t h e th i ckne s s of t he sa l in e
w a te r lay e r w a s ap pro x im a te ly 4 0 cm .
2 . T he o n ly m a jo r d is t ur b an ce s w h i c h o c cu rred t o th e
sy s tem w a s d ur in g v e ry h ig h t id e s w h i c h w e r e ab le to
o v e rw a s h th e s tu dy a re a . In th e se c a se s the r e s u l t w a s
a n inp u t o f s al ine w a te r f rom the s u r fa ce w h i ch the n
Pe rm e a te d dow nw a rd s - ca u s in g a d is tu r b an ce to the
re s i s ta n ce p ro fi le in the u pp e r lay e r s . F igur e 7 s h ow s
a n e x am p le o f d is tu r be d a nd un d i s tur be d re s is t iv ity
P ro f i le s .
3 . O n ce a d i s t ur ba n ce to th e sy s tem had take n p l ace i t
w a s fo u nd th a t th e o r ig i n a l r e s is t iv i ty pro f ile w a s
r e s to r e d bY 'f lu sh ing ' o f the a q u i fe r d u e to in cr e a se d
f low fr om r a in fa ll re c hg a r g e a nd/ o r a re d uc tio n in the
se aw ar d w a t e r ta b le a s th e t id e s c h an g ed from s p r in g s
to n e a p s .
4 . T h e thr ee re s is t iv i ty p ro f i le s tak e n e t site s 5m
apart a g a in sh ow ed th a t the g r o u ndw a te r s a l in i t ie s w e r e
v e ry u n i fo rm a lo n g a ho r i zo n ta l p la ne . S ince th e f low
i s p re d om i n a n t ly ho r izo n ta l th i s m e a n t that t he re d id
not seem to b e any re s po n s e o f th e in te r f a ce to t id a l
o s c i l la t in s . A l tho u g h the e f fe c ts o f the tides co u ld be
C le a r ly se e n a t the p ie zom e te r s i te s w i t h a n o ti ce a b le
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t im e lag and am p l i tud e a t te n u a tio n o f th e h ea d
f lu c tu a tio n s a s o ne p r o g re s se d in land .
5 . T he o n ly e x ce p t io n to the abo ve w as d u r ing the
p e r io d 10/ 12 18/ 12/ 85 . Pr io r to the s tar t o f th is
p e r io d the sy s tem h ad b e e n d is turb e d by a t ida l
o v e rw a sh . a s a r e s u l t th e iso ch lo rs w ere n o lo nge r
h o r izo n ta l , in s te ad t he r e w a s q u i te a ste e p g r a d ie n t to
t hem . Dur ing the a bo v e pe r io d a tr an s it io n fro m sp r in g
to ne a p tid e s o c cu r re d (s ho w n from the p ie zom e t r ic d a t a
g i v en in fig ur e 8 ) an d th i s re su l ted in the d i s tu r be d
s e c t io n o f g ro u ndw a te r be i ng 'f lu sh ed ' pa ss o n e o f the
p ro be s (P 3 1 10 ). T he m e a s u r em e n t s lo g ged from t h i s p r ob e
d u r in g the pe r iod c le ar ly s how the re tu r n to th e no rm a l
s ta te by t he r ise in re s i s ta n ce , b u t al s o show o n to p
o f th is a sem i -d iu r n a l o s c i l la t io n re s u l tin g fr om the
e f fe c t s o f the ti de (f ig u r e 9 ).
4 .4 I n te r p re ta t io n o f 1985/ 6 f ie ld d a ta
I te m s 1 - 6 a bov e b r ie f ly s um m a r ise th e m a jo r o b se rv a tio n s
w h i c h w e r e p rod u ced by the 19 8 5/ 6 fie ld w o r k pr o g r am m e . T h e
m a i n p r o b lem w a s th a t th e se re s u l t s w h en c o n s id e r e d to ge t h e r
d id n o t tar ry w i th tho se e x pe c ted from the ty p e o f sa l i ne
in tr u s io n s i tu a tio n s o u tl ine d in se c t ion s 2 a n d 3 (i e th a t the
s a l ine w a te r w a s a c t in g a s a v ir tu a l ly s ta tic bo dy o f w a te r
w i t h a s lo w c ir c u l a tio n w i th in it in o rd er to re p l e n i sh sa l in e
io n s in th e in te r fa ce r e g io n ) . In s te ad the co n clu s io n d r aw n -w a s
t h a t in ad d i tio n to th e fr e s h w a te r zo ne  or ig i n a tin g fr om
in l a n d the sa li ne w a te r w a s a l so flow in g tow a r ds th e  s ea .  If
th i s ind e e d  w a s  th e  ea se  t h e n th is re pr ese n ted a m a jo r cha n g e
i n o u r u nd e r s ta nd ing o f the hy d ro lo g ic a l pro c e s ses in th e are a .
T he n e x t s tep th e re fo re w a s to te s t th is r e su l t in o r de r to
e s t a b l ish w he the r o r no t i t w a s tr ue . T h i s w a s ac h ie v e d by a
l a s t pe r io d o f f ie ld w o r k w h i ch w a s u nd e r ta k e n d u r in g D e cem b e r
1986 .
4 .5 D e cem be r 1 9 86 fie ld w o r k
Tw o ty pe s o f e x p e r im e n t s w e r e co nd u c ted d u r i ng th i s pe r iod o f
f ie ld s tudy .  T he  fir s t  in vo l v e d p la c ing a t e a ch o f th e th r e e
s i te s u se d pr e v io u s ly  (se e  f ig u r e 6 h ) tw o o bse rv a t io n w e l l s .
O n e m e a s u r in g the hy d r au l i c h e a d a t a d e p th o f ro u g h ly lm be low
t he w a te r ta b le in the fr e s h w a te r zo ne , th e seco n d m e a su r in g
the h e ad o v e r a d i s ta n ce o f 3 0 cm a bo v e the a q u ife r b a se in th e
s a l in e w a te r zo ne . A f te r in s t a lla t io n the w a te r le v e ls in the se
w e l l s w e re d ip pe d ov e r a th r e e d ay pe r iod . T h e m e a s u r em e n ts a re
s how n in f igu r e 10 . T he g r a p h s s how tw o m a in fe a tu r e s . In t h e
f ir s t c a s e t he re i s a c le a r r ed uc t io n o f hy d r a u l i c he ad
se aw ar d s a t b o t h lev e l s in d ic a t in g  flow from in la nd . Seco nd ly
th e hy d r a u l ic he ad s in th e sh a llow w e l ls a t e a c h s i te a r e
g r e a te r th a n th e co rr e sp o n d in g he ad s in the d e epe r w e ll s . T h i s
e f fe c t c an be la r ge ly ex p l a in e d by the fa c t th a t t he w a te r s in
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4 .6 Im p li c a t io n s from D e cem be r 198 6 f ie ld d a ta
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th e d e e p w e l l s ar e sa line an d h e n ce m o r e d e n se th an th o s e in
the s h a l low w e ll s .
T he se co n d ex pe r im e n t w h ic h w a s pe r fo rm e d so r t to o b t a in
m e a s u rem e n ts o f th e po s tio n o f th e sa nd/ c lay i n te r f a ce (t h e
a q u i fe r b a se ) a n d a cc om pa ny in g re s is ta n ce pr o file s in the a r e a
imm e d ia te ly be h ind th e ex pe r im e n ta l s i te . A l to ge the r 4 se ts o f
re s u l ts w e re ta ke n th e f i n a l s e t a t a d is ta nce o f :14m in la n d
from th e d e e p bo r e ho le . In f ig u re 11 the p o s it io n s o f th e 10 .
50 . 1 0 0 a nd 2 0 0 o hm m e a s ur em e n t s ar e p lo tte d a lo ng w i th t he
Po s i t io n o f the a q u ifer ba se . T h e p lo t se em s to ind ic a te th a t
t he s a l in e w a te r zo ne ex ten d s in la nd w i th a un i fo rm t h ick n e s s
a nd fo l low s the to po g ra phy o f the s a nd/ c lay bo u nd ary .
T he re s u l ts d e s cr ibed in se c t io n 4 .4 c o n firm th a t t h e
p he n om e no n be in g o bse rv ed be low the be a ch s i te a t S tud la n d i s
no t s a l in e in tr us io n in the n o rm a l se n se . In fa c t i t co u l d
a lm o s t b e c a l le d sa l ine ex tru s io n . T h i s th e re fo re r a i se s a
n um be r o f im po r ta n t q ue s t io n s w h ich ne e d to be an sw e r e d
co n ce r n ing th e hy d ro lo gy o f th e ar e a b e fo re th e d a ta ca n be
p ro p e r ly u se d fo r de ta iled m od e l l i n g s tu d ie s . The se q u e s t io n s
m ay be sum m ar ise d a s fo llow s :
1 . W h a t is the a r e a l ex te n t o f th e s a l in e w a ter lay e r ?
2 . W ha t e f fe c t d oe s the L it t le Se a h av e o n th e p r o b lem
3 . W h e re h a s the sa line w este r o r ig in a ted from ?
4 . H ow h a s t he hy d ro lo gy o f th e ar e a d e v e lope d i n to i ts
cu r r en t s ta te ?
A t p r e se n t t he be s t the o ry w h ich h a s be e n pu t fo rw ar d to
e x p l a i n h ow c ur r e n t s i tu a to n m ig h t h a v e a r i sen i s a s fo l low s .
T he s a l in e l ay e r o b se rv e d i s in fa c t rem n a n t w a te r from th e
t im e w h e n t he p e n in s u la r w a s in th e p ro ce s s o f be i n g de v e lo pe d
by the d e p o s it io n fr om the se a . A t th a t t im e (p r o ba b ly fr om
1 0 00 to 5 0 0 y e a r 's B P ) se a w a te r co v e r ed m u ch o f the w ho le a re a .
In f a c t o n ly a s fa r b a ck a s a h u n d re d y e ar s ago th e L i t tle S e a
(w h i c h o r i g in a l ly fo rm ed p a r t o f Po o le h a r bou r e s tu a ry ) w a s
s t il l be in g o c c a s ion a lly w a s he d by th e se a a s h ig h sp r ing t id e s
w e re ab le to b re a c h the in te rv e ni n g d un e s . D ur in g t h e
s u b se q ue n t t im e p er io d the re h a s b e e n a g rad u a l d r a in a ge o f t h e
s a l ine w a te r frb m th e a re a a nd the zo ne o f w a te r o b se rv e d
re p r e s e n ts t he cu r re n t rem a in s o f th e o r igin a l de p o s it s .
A l th o u gh a t f ir s t i t m ay a pp e ar s ur p r is in g tha t a f te r su ch a
t im e p e r io d a ny r em n a n t w a te r sh o u ld be fo u n d .I f how e v er o n e
tak e s in to a c c o u n t r a in fa ll re c h ar g e o c c u r r in g in t h e a r e a the n
the s i tu a t io n d o e s no t se em so fa r fe tc h e d . C o n sid e r i ng a f e w
s im p le c a lc u la tio ns : the a ve r a ge a n n ua l ra in fa ll o v e r th e a r e a
is a b o u t 800mm . if it is a s sum e d th a t r o ug h ly a t h ird o f th i s
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5 . Pr o po sa ls fo r fu ture f ie ld w o r k a t S tu d lan d
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is lo s t in e v a po ra t io n th e n a b o u t 5 30mm r e ache s th e w a te r
ta b le . Co n s id e r in g a o ne m e te r s tr ip a lo ng t he d is ta n ce
be tw e e n the Li tt le S e a a nd the sho re (a bou t 37 5m ) t h i s
re pr e s e n ts an a v e rag e an n u a l r e ch a r ge o f abo u t 20 0 m 3/ a/ m . Now
m e as u rm e n t s o f th e hy dr a u l i c h e a d g ra d ie n t a lo ng w it h aq u i fe r
p e rm e a b i l i tie s g iv e an e s t im a te d a n nu a l o u t f low to t he se a o f
a bo u t 2 2 0 m 3/ a/ m . T h us i t w o u l d a p pe ar f rom the se ro ug h
c a l c u l a t io n s th a t th e o u tf low i s p r im a r ily fr om r a i n f a l l
r e ch a r g e from the d u ne s ar e a . T h is in fa c t is no t ure a so na b le
s in ce i t i s to b e ex pe c ted th a t th e a r e a w i l l , i n ge n e r a l , be
in hy d r o lo g ic a l ba la n ce . A ny r e ch a r g e w h ic h s u pp lie s th e L i t t le
S e a  is  co n tr o l led by the d r a in a g e cha n n els c on ne c t in g i t to
Po o le h a rb o u r e s tu ary th e re by k e e p in g the w a ter le v e l o f the
la ke f a ir ly co n s tan t (a fa c t o b se rv e d d u r in g the 8 5/ 8 6 fi e ld
s e a so n w he n m e a s u rem e n t s o f the w a te r lev e l o f th e la ke w e re
m a d e ). T hu s i t c an be ar g u ed t h a t th e lo s s o f s a l in e w a te r is
n o t a s g re a t a s a t fi r s t th o u g h t . A lth o ugh t he ab o v e r e aso n in g
d o e s se em to P re se n t a po s s ib le ex p l an a t io n fo r th e
hy d r o lo g ic a l s t a te o f the f ie ld s i te cu r re n t ly o b s e rv e d th e r e
m a ny a s pe c ts to i t w h ic h n e e d to be su p po r te d be f o r e any r e a l
co n f id e n ce c o u ld be p la ce d in s uc h a th eo ry . It is w i th t h i s
p u r p o se in m i n d th a t th e n ex t s tag e o f th e S tu dl an d B ay f ie ld
w o r k h a s be e n p lan ne d . H ow e v e r the m a in pro b lem w h i c h a r ise s  is
th a t t he th r u s t o f th e p ro je c t h a s n ow take n a d i r e c tio n w h ic h
w a s n o t o r ig in a l ly e x pe c te d . I n t he ne x t se c t io n t he p r o po s a ls
fo r t he fu tu r e f ie ld w o r k in t h e a r e a ar e ou t l i ne d .
In th e p re c ed i ng se c tio n the r e s u l t s o b ta ine d from t he fi e ld
w o r k  a t  S tud la nd w e re  br ie f ly p re se n ted . I t  w a s sh ow n  th a t
a l t ho u g h a d e f in i te s a l in e/ f r e shw a ter in te r face h ad b e e n
d is co v e r e d be low the b e a ch su r fa ce fu r the r re su l ts h a d sh ow n
t h a t th i s h ad n o t re s u l ted fr om s a l in e in tr u s io n d i re c t ly fr om
the s e a b u t r a th e r from fre sh a nd s a l ine w a te r s w h i c h h ad b o th
o r i g i n a te d fr om in land . A t the e nd o f th e prev iou s se c t io n fo u r
q u e s t io n s w e re ask ed . T he o b je c t o f the ne x t pr o p o se d se t o f
f ie ld w o r k .ex pe r im en t s d ue to t a ke p lac e du r ing t h e  J a nu ar y  -
A pr il 1987 are in te nd ed to try to p r od uc e som e answ e r s to th o s e
q u e s t io n s . T h e d r aw b a c k how e v e r is th a t in o rd e r to do  th i s
f ie ld e x pe r im e n ts w i l l h av e to be m a de f ur the r in l a nd a nd h e r e
th e re m ay be som e pr o b lem s d u e to th e f a c t th a t the d u n e s a r e a
be h in d th e b e a c h h a s be e n d e s ig n a ted a s a na t io n a l n a tu r e
re se rv e w h i ch is ow ne d by the N a t io n a l T r u s t a n d m a n a g ed by th e
N a tu r e C o n c e rv e n cy Co u nc il . S in ce i t is no t the i n te n t io n o f
the m em be r s o f th is p r o je c t to c a u s e u nn e ce ssa ry d i s tu r b an ce to
th i s a r e a o f o u ts ta nd ing n a tu r a l be au ty a g e ner a l o u t line o f
the f ie ld w o r k re q u irem e n t s  is  p re se n ted in th i s se c t io n .
T he d a ta re q u irem e n ts fo r th e p ro po se d f ie ld w ork p e r io d ca n be
d iv id e d in to A ty pe s . T h e s e w i ll b e d isc u sse d sap ar a te ly g iv in g
the re a so n s w hy the d a ta is re q u i red .the g e nera l a r e a o v e r
w h i ch t he in fo rm a t io n w o u ld l i ke to be c o lle c ted an d th e m e th o d
o f d a ta c o l le c t io n .
1 . R e s i s t iv i ty p r o f il e su rv ey
I t h a s a lr ea dy be e n de sc r ibe d in se c t io n 4 .1 how th e
re s is t iv i ty pr o be is a b le to g iv e a n in ter p re te d
m e as u rem e n t o f the sa l in i ty P ro file w ith de p th .
T h e re fo re by o b ta in ing a n um b e r o f the se p r o f i le s
fu r the r i n l an d an ind ic a t io n co u ld b e o b.taine d a s to
th e a re a l ex te n t to w h ic h th e s a l in e w a te r e x te n d s .
Pa r t icu lar ly o f in tere s t is th e a r e a ar o und th e Li tt le
S e a s i n ce a t p r e s e n t the in f lu e n ce th a t th is bo dy o f
w a te r h a e  o n the g ro un dw a te r q u a li ty is un ce r ta in .
In i ti a l ly p r o f i le s w o uld be r e q u i re d o n e i ther s id e o f
th e lo n g i tu d in a l  ax is o f  th e so u th e rn sec tio n o f the
la k e . T h e m e tho d fo r in s ta l lin g the pro b e s is to u se
pe r c u s s iv e h am m e r s . T he m a in to o l fo r th i s pur po se is a
hy d r a u l ic j a ck ham m er . A l t ho u g h w e l l su i t e d fo r the jo b
i t h a s t he d r aw ba c k o f l im i te d po r tab i l i ty a nd
th e re fo r e ge ne r a l ly n eed s t o b e d r iv e n to the d r il lin g
s i te by La nd Ro v e r . T h e se co n d m e t ho d for in s ta l l in g
p ro be s is w i th a pe tr o l d r iven  r o ck d r 1 1 1 . T h le  d r i ll
la c k s the pow e r o f the f ir s t to o l a nd a s a r e su l t  i s
m o r e tim e co n sum in g w he n be in g u se d fo r p ro fi l in g a l so
in som e c a se s i t m ay be u n ab le to p r ov id e de e p e no ug h
p e n e tr a tio n in to th e g rou n d . H ow e v e r w ith its w e igh t a t
2 5 kg i t d o e s h av e the ad v a n ta g e o f be in g hand p o r ta b le
o v e r re a so n a b le d is ta n ce s .
2 . G ro u ndw a te r o b se rv a tio n w e ll s
In o rd e r to c o n c l u s ive ly sh ow the ex is t e n ce o f s a l in e
w a te r (g iv e n th a t th is ha s a lre ady be e n indic a ted by a
r e s is t iv i ty P r o f i le ) som e fu r the r de e p o b se rv a t io n
w e l ls  s h o u ld be in s ta lle d  in o r d er to e n a b le th e p ro b e
r e a d ing s to be c a l i br a ted . T he w e l l s w o u ld a l so e n a b le
w a te r s am p le s f ro m th e sa l ine lay e r to be tak e n so th a t
w e te r q u a l i ty a n a ly se s co u ld be m ade . The se m i gh t
p ro v ide a n in s ig h t in to the h i s to r ic a l n a ture o f th e
w a te r . T he p ro p o sed lo ca t io n fo r th e se w e lls w o u ld be
in the v ic in i ty o f the w e s te r n a nd e a s te r n sh o re s o f
th e L it t le S e a . T h e m e th o d o f in s ta lla t ion i s w i th a
sm a l l c a b le to o l d r il lin g r ig . T h i s h a s the p ro b lem
t h a t a c ce s s is l im i te d to  w e l l d e fi ne d  tr a cks (s u i ta b le
fo r La nd R o v e r s ) w h ich d o no t h av e s h a rp b end s in th em .
T h e e nv is a g e d d r i ll in g d e p th s r e q u ir ed for t he w e l ls
w o u ld n o t be a ny gr e a te r th a n 10m .
3 . Pie zom e tr ic s urv ey
A n im p o r tan t a sp e c t ne e d e d fo r und e r sta nd in g the
g ro und w a te r hy d r a u l ic s o f the p ro b lem is the g e n e ra l
s h a p e o f th e w a te r ta b le in th e ar e a . T hi s wo u ld e n a b le
th e ge n e ra l f low p a t te r n s o f the g rou n dw ater to be
d e t erm in e d . T h e m e a s urem e n t s o f th e h e ig h t of th e w a te r
t a b le w o u ld be m ade by in s ta ll in g tem po r ary
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P ie zom e ter s . T h e se w o u ld co n s i s t o f a d r iv ing a se r ie s
o f ro d s conn e c te d to a w e l l po in t in to the sa nd u s in g
e i the r o f the to o l s d e scr ib ed in item  1  to a de p t h o f
a bo u t 1m be low th e w a te r ta b le . T h e g e ne r a l s ite s a re a s
fo r the se p ie zo m e ter s  is  in the d u ne s a r e a be tw ee n the
s h or e a n d th e L i t tl e S e a a nd in the a re a be h ind th e
L it t le S e a . I t  is  ho pe d th a t u p to 12 in s ta l la t io n s
co u ld be m ad e .
4 . S tra tig r a p h i c a n a ly se s
W he n  see k ing  to d e v e lo p m o d e l o f g ro un d w a te r a q ui fer s
a n im po r tan t re q u ire m e n t is an a c cu r a te und e r st an d in g
o f the p r o pe r t ie s o f the m a te r i a l w h ich co ns t i tu te s the
a q u i fe r a n d w he re the aq u i fe r b a se is lo ca te d . T h i s
in fo rm a t io n c an be g a ine d from li tho lo g i c al sam p le s o f
t he a re a be in g co n s id e re d . T he , m e t ho d u se d to o b ta in
th i s d a ta is a 'f lo w th r o ug h '  sam p le r . Th is ty pe o f
s am p le r is d r iv e n in to th e g ro und , ag a in u s ing th e
m e th od s o u t l ine d in item 1 , and h a s the ab i l i ty to
a llow the aq u i fe r fo rm a t io n to f low t hr o u g h the sam p le
b a r re l a s i t  i s  d r ive n in to th e m a te r ia l . O n ce th e
re q u i red d ep th  is  re a c h ed the sam p le r i s re tr iev e d an d
the b ar re l sp l i t o pe n to re ve a l t he o r ig i n a l fo rm a tion .
By  ta k in g su c ce s s iv e sam p le s a t pro g r e ss iv ly de e pe r
d e p th s a c om p le te P i c ture o f the s tuc tu re an d
com po s it io n o f th e m a te r ia l be low t he  g r oun d  s ur face
c a n be o b ta ine d . I t is h o pe d tha t s tr a t ig r a p h i c log s
w il l be m a de a t m o s t o f s i te s w he re r e s is t iv ity
p ro f i le s a re m ad e a nd o b se r v a t io n w e l ls i n s ta l le d .
5 . A n a ly s e s o f th e L i t t le S e a
In se c tio n 4 .5 the q u e s t io n o f w h a t e x te n t the L i t tle
S e a h a s o n g ro u n dw a te r q u a li ty  w as  as k e d . In o rde r to
a n sw e r th is , i t is p ro p o se d th a t a n um b e r a m e n u m e n t s
o f the Li tt le Se a s ho u ld be m ad e . T h e se w o u ld in c lud e
ta k in g w a te r s am p le s a t v ar io u s d e p th s for la b o r a tory
a n a ly s is a nd a l so t a k ing c o nd u c t iv i ty de p th p ro f i le s a t
a num b e r o f s i te s o n t he la ke . A l tho ug h th e se
m e a su rem e n ts ar e no t in h er e n t ly d if f i c u lt th ey d o
re q u ire the u se o f som e fo rm o f bo a t in o rd e r to g ain
a cce s s on to the m id d le o f the  l a k e .
